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Transition metal phosphates have been one of the hot spots in the field of materials
science and chemistry research due to the rich structrual chemistry of phosphates and
applications in catalytic, ion-exchange, seperation and so on.
The purposes of this work are to explore the synthesis conditions of phosphates and
characterize the composition and structures of phosphates. Three new compounds and a
kind of cathode materials have been successfully prepared by hydrothermal and solid state
method. Then, the crystal structure, morphology, thermal stability, and magnetic properties
of these compounds have been characterized by Powder X-ray Diffraction (PXRD), Single
crystal X-ray diffraction, Scanning Electron Microscopy (SEM), Infrared Spectroscopy (IR),
Thermogravimetry and Differential Thermal Analyses (TG-DTA) and magnetic
susceptibility. Considering of the synthesis conditions, we discussed that how the content of
water effects the connection between the [PO4] units in the Ba−Fe−P−O system. In addition,
we also tested the electrochemical performance of the Cu2(PO4)F as cathode materials.
1. In the Ba−Fe−P−O system, three novel barium iron phosphates compounds
Ba2Fe2[H(PO3OH)2][H(P2O7)2] (compound 1), Ba2Fe[H(P2O7)2] (compound 2) and
β−BaFe2(P2O7)2 (compound 3) were prepared by optimized hydrothermal method. The
crystal structures of these compounds were determined by the X-ray single crystal
diffraction and Rietveld method, and the result indicated that the compound 1 showed a
new crystal structure type. Combining the synthetic methods and structure characteristics of
the compounds Ba(H2O)Fe2[PO3(OH)]4, Ba2Fe3[H(PO4)2](P2O7)2 and Ba3Fe2(HPO4)6, we
investigated the regularity of structure assembly by using controlled water activities, and
successfully found a feasible synthesis method for controlling the structures of products. In
addition, we also studied the thermal stability, annealing product, infrared spectroscopy and
magnetic susceptibility of the compounds.















hydrofluorothermal method and refined the structure by Rietveld method. Then, we studied
the thermal stability, infrared spectroscopy and electrochemical performance for the first
time. Especially, the carbon-coated samples have been compared with the ones which have
no carbon coated, the result indicates that the Cu2(PO4)F is successfully applied into
rechargeable lithium battery for the first time.
Key words: Transition metal phosphate; Hydrogen bond; Depolymerization; Crystal
























































































































4.3.2.1 材料的 XRD表征........................................................................ 65
4.3.2.2 材料的 IR表征.............................................................................67























Abstract in Chinese............................................................................................................ I
Abstract in English........................................................................................................... II
Chapter 1. Introduction.....................................................................................................1
1.1 Introduction..........................................................................................................1
1.2 Transition metal phosphates............................................................................... 2
1.2.1 The current research status of transition metal phosphates.........................3
1.2.2 The structural chemistry of transition metal phosphates............................ 3
1.2.3 The progress of transition metal phosphates...............................................5
1.3 Lithium batteries..................................................................................................6
1.3.1 Principle and characteristics of lithium batteries........................................ 6
1.3.1.1 Working principle of lithium batteries............................................. 6
1.3.1.2 Characteristics of lithium batteries.................................................. 9
1.3.2 The research progress of lithium batteries................................................ 10
1.3.2.1 Electrolytes and the diaphragm......................................................10
1.3.2.2 Anode materials..............................................................................11
1.3.2.3 Cathode materials...........................................................................11
1.3.2.3.1 Layered transition metal oxides.......................................... 12
1.3.2.3.2 Polyanionic compounds (intercalation).............................. 12
1.3.2.3.3 Metal halide........................................................................ 13
1.3.2.3.4 Polyanionic compounds (conversion).................................15
1.4 The main content of the thesis.......................................................................... 16
1.5 References...........................................................................................................17
Chapter 2. Experiments and methods............................................................................23















2.2 Materials synthesis methods............................................................................. 23
2.3 Analysis instruments and methods...................................................................24
2.3.1 Reaction and cleaning devices.................................................................. 24
2.3.2 X-ray diffraction....................................................................................... 24
2.3.2.1 X-ray single crystal diffraction...................................................... 24
2.3.2.2 X-ray powder diffraction............................................................... 25
2.3.3 Infrared spectroscopic analysis................................................................. 25
2.3.4 Thermal analysis method.......................................................................... 26
2.3.5 Carbon content analysis............................................................................ 26
2.3.6 Scanning electron microscope.................................................................. 26
2.3.7 Magnetic property.....................................................................................27
2.3.8 Electrochemical performance................................................................... 27
2.3.8.1 The preparation of electrode.......................................................... 27
2.3.8.2 Button cell assembly (CR2025).....................................................28
2.3.8.3 Charge-discharge........................................................................... 28
2.4 References...........................................................................................................30
Chapter 3. The synthesis and characterization of barium iron phosphate................ 31
3.1 Introduction........................................................................................................31
3.2 The synthesis of new type barium iron phosphate compounds..................... 33
3.3 Morphology and composition........................................................................... 36
3.3.1 Morphology characterization.................................................................... 36
3.3.2 Composition analysis................................................................................36
3.4 The crystal structure of the materials.............................................................. 37
3.4.1 The determination of the crystal structure................................................ 37
3.4.2 The description of the crystal structure.....................................................40
3.4.2.1 The crystal structure of compound 1............................................. 40
3.4.2.2 The crystal structure of compound 2............................................. 46















3.4.3 The infrared characterization.................................................................... 49
3.4.4 Thermal analysis....................................................................................... 51
3.5 The Magnetic susceptibility.............................................................................. 52
3.6 Structure types tailored by hydrogen atoms................................................... 54
3.7 Summary.............................................................................................................56
3.8 References...........................................................................................................57
Chapter 4. The synthesis and characterization of copper cathode materials.............63
4.1 Introduction........................................................................................................63
4.2 The synthesis of Cu2(PO4)F...............................................................................63
4.3 The characterization of Cu2(PO4)F.................................................................. 64
4.3.1 The morphology of Cu2(PO4)F................................................................. 64
4.3.2 The structure of Cu2(PO4)F.......................................................................65
4.3.2.1 XRD characterization ...................................................................65
4.3.2.2 IR characterization......................................................................... 67
4.3.2.3 TG−DTA characterization..............................................................67
4.3.3 The electrochemical performance of Cu2(PO4)F...................................... 69
4.4 Summary.............................................................................................................73
4.5 References...........................................................................................................74





























































































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
